This study reports the removal of 30 diverse trace organic contaminants (TrOC) by live (biosorption þ biodegradation), intracellular enzyme-inhibited and chemically inactivated (biosorption only) whole-cell preparations and the fungal extracellular enzyme extract (predominantly laccase) from Trametes versicolor (ATCC 7731). Because phenolic substrates are amenable to degradation by laccase, all 14 phenolic TrOC were readily biodegraded. On the other hand, only eight of the 16 non-phenolic TrOC were readily biodegraded while the removal of hydrophilic TrOC (log D < 3) was negligible. With the exception of diclofenac, no non-phenolic TrOC were degraded by the extracellular enzyme extract. The whole-cell culture showed considerably higher degradation of at least seven compounds, indicating the importance of biosorption and subsequent degradation by intracellular and/or mycelium associated enzymes. Improvement (20e90%) of enzymatic degradation of four phenolic and seven non-phenolic TrOC was achieved in the presence of a redox mediator. Compared with the whole-cell culture, mediator-amended extracellular extract achieved better removal of six TrOC, but lower removal of six others. A particular concern was the increased toxicity of the treated media when the redox-mediator was used. In addition to reporting the white-rot fungal removal of two UV filters, three phytoestrogens and a few other pharmaceutically active TrOC for the first time, this study provides unique insights into their removal mechanisms.  Intracellular/mycelium-associated enzyme appeared particularly important for 5 TrOC  Whole-cell performed better than 'enzyme-mediator' system for some but not all TrOC  UV filters and phytoestrogens were well degraded only when they had phenolic moiety mediator-amended extracellular extract achieved better removal of six TrOC, but lower removal of six others. A particular concern was the increased toxicity of the treated media when the redox-mediator was used. In addition to reporting the white-rot fungal removal of two UV filters, three phytoestrogens and a few other pharmaceutically active TrOC for the first time, this study provides unique insights into their removal mechanisms.
Introduction
Trace organic contaminants (TrOC) consist of both naturally occurring and anthropogenic compounds and are frequently detected in sewage-impacted water bodies. These include pharmaceuticals, steroid hormones, pesticides and industrial chemicals. The resistance of certain TrOC to conventional wastewater treatment and their potential adverse effects on human and ecological health raise significant concerns (Snyder, 2008) . This has prompted research on TrOC degradation by white-rot fungi (Yang et al., 2013b) .
White-rot fungi can efficiently degrade a wide range of organic compounds including TrOC that are resistant to bacterial degradation via one or more extracellular enzymes including lignin peroxidases, manganese-dependent peroxidases and laccase. Apart from the extracellular enzymes, intracellular enzyme systems, such as cytochrome P450, have been reported to play important roles in the removal of some TrOC (Hata et al., 2010) . In addition to whole-cell preparations, removal of TrOC has been investigated either by employing crude culture extract ('crude enzyme') or by purified enzymes (Marco-Urrea et al., 2009, Zhang and Geißen, 2010) .
Enzyme-catalysis has been shown to be enhanced by the addition of low molecular weight mediator compounds that act as an 'electron shuttle' between the oxidizing enzyme and target compounds (Kim and Nicell, 2006) . Several studies, as noted above, have investigated the TrOC removal capacity of different fungal species. The removal efficiency has been observed to depend on fungal species, their specific enzyme systems and the TrOC characteristics. However, with a few exceptions (Tran et al., 2010 , Rodarte-Morales et al., 2011 , individual studies to date have focused mostly on a single or only a few TrOC at a time. This has hindered the establishment of a uniform database on whiterot fungal degradation of a broad spectrum of TrOC, particularly because of the differences in experimental conditions in individual studies. Furthermore, some TrOC categories such as UV filters (active ingredients of sunscreens) and phytoestrogens have not been investigated by the previous studies.
Enzymatic degradation of a range of TrOC was investigated in a previous study (Nguyen et al., 2013) . However, it is noteworthy that because of the combined effect of intracellular, myceliumbound and extracellular enzymes as well as sorption of TrOC on the biomass, whole-cell white-rot fungal treatment may cover a wider spectrum of TrOC compared with enzymatic treatment.
A few studies have separately compared the performance of whole-cell and extracellular extract (Auriol et al., 2007 , Tran et al., 2010 or have studied the role of intracellular enzyme systems (Marco-Urrea et al., 2009 , Hata et al., 2010 . However, systematic studies on the relative contribution of biosorption and various modes of biodegradation (e.g., extracellular enzyme dependent/independent) during fungal removal of TrOC remain scarce. Elucidation of such mechanisms is a prerequisite to formulation of strategies to ensure stable operation of continuous flow fungal reactors (Yang et al., 2013b) .
A series of batch tests was conducted in this study to address the research gaps outlined above.
The removal of 30 TrOC belonging to diverse groups in terms of applications or origins and chemical structures by a whole-cell pure fungus culture (Trametes versicolor) and the fungal extracellular enzyme extract has been systematically compared. In discussing the removal efficiency, the relative contribution of biosorption and biodegradation is addressed, as well as potential catalytic modes (extracellular enzyme dependent/independent) responsible for fungal degradation of TrOC. The effect of augmenting enzymatic transformation with a redox mediator on the removal performance and the treated media toxicity was also studied.
Materials and methods

Trace organic contaminants
A mixture of 30 TrOC, including 11 pharmaceuticals, six pesticides, five steroid hormones, three industrial precursors and products, three UV filters and two phytoestrogens was used in this study. Key properties of these compounds are listed in Supplementary data Table S1 . These were selected in view of their widespread occurrence in wastewater and wastewater-impacted water bodies and their diverse physicochemical properties (e.g. hydrophobicity and molecular weight).
Analytical grade chemicals were purchased from Sigma-Aldrich (Australia). A mixed stock solution of the TrOC was prepared at a concentration of 1 g L -1 (each) in pure methanol, stored at -18°C and used within one month.
Fungus culture and preparation of crude enzyme extract
The white-rot fungus T. versicolor ATCC 7731 (USA) was used in this study. Malt extract broth (Merck, Germany) was used as the growth and the test medium at concentrations of 5 g L -1 and 1 g L -1 , respectively. The pH of the growth medium as well as the batch test medium was adjusted to 4.5 with HCl. Refrigerated stock fungal suspension was grown on a rotary shaker at 28 °C in sterilized growth medium for a week (Yang et al., 2013a) . Freshly grown fungal pellets and the supernatant of the fungal culture ('crude enzyme extract') were then harvested and subsequently used for whole-cell and crude enzyme batch tests.
Batch test protocol
Batch tests were conducted under three broad categories to assess: i) removal by live and 'chemically inactivated' (biosorption only) whole-cell preparations; ii) performance of the live whole-cell in the presence of an intracellular cytochrome P450 inhibitor; iii) degradation by the crude enzyme extract with/without addition of a redox-mediator.
In the enzymatic degradation test, the stock TrOC solution was added to 25 mL crude enzyme extract (See section 2.2) in 100 mL beakers at a final TrOC concentration of 100 µg L -1 (each).
The crude enzyme extract demonstrated a laccase activity of 35 µM substrate min -1 (See Section 2.4.2). Additional beakers were incubated to assess the effect of addition of the redox mediator 1-hydroxybenzotriazole, (HBT, 1 mM) (Tran et al., 2010) . Control samples comprised TrOC in deionised (Milli-Q) water. The beakers were covered with aluminium foil and incubated in a rotary shaker at 70 rpm and 25 °C for 24 h. The experiments were conducted in triplicate. At the end of the incubation period, the whole test medium was harvested. The samples were diluted to 500 mL with deionised (Milli-Q) water and filtered through 0.45 µm glass fibre filter (Filtech, Australia). The pH of the sample was adjusted to 2 by using 4 M H 2 SO 4 before refrigerating until solid-phase extraction (for GC/MS analysis, see Section 2.4.1) within 2 d. For toxicity testing, undiluted samples were kept at 4 ºC until analysis.
During the whole-cell test, approximately 0.4 g L -1 freshly grown fungus culture was inoculated to sterile test medium (50 mL) in 400 mL sterile beakers. TrOC were added to the test solution at final concentrations of 50 µg L -1 (each). Separate beakers were incubated to assess the removal by sodium azide (0.1 mM)-inactivated fungus culture (Yang et al., 2011) . The intracellular enzyme inhibition test followed a similar procedure by adding 1-aminobenzotriazole (1mM) (Hata et al., 2010) to inactivate intracellular cytochrome P450 enzyme systems. The containers were incubated in the same fashion mentioned above. All experiments were conducted in triplicate and a sampling method similar to that in the tests with enzyme solution was adopted.
Analytical methods
TrOC analysis
The TrOC concentrations in the samples were measured using a Shimadzu GC/MS (QP5000) system following a previously reported method (Hai et al., 2011 
Enzymatic activity and toxicity assay
Under the experimental conditions of this study, the fungus predominantly secreted the extracellular enzyme laccase. Laccase activity was measured by monitoring the change in absorbance at 468 nm due to the oxidation of 2,6-dimethoxy phenol (DMP) at room temperature over 2 min using a spectrophotometer (PharmaSpec UV-1700, Shimadzu, Kyoto, Japan).
Laccase activity was calculated from the molar extinction coefficient ε = 49.6 (mM.cm) -1 and expressed in µM substrate min -1 . The toxicity of the treated solution was tested in duplicate by measuring bioluminescence inhibition in Photobacterium leiognathi (ToxScreen3 assay, CheckLight Ltd, Israel) as described previously (Nguyen et al., 2013 
Results and discussion
Removal performance of live and chemically inactivated whole-cell
Biodegradation, biosorption, photodegradation and volatilization are the possible removal mechanisms of TrOC (Yang et al., 2013b) . Photodegradation of the TrOC was minimized by covering the test containers (Section 2.3), while the volatilization of the selected compounds was negligible given their low vapor pressure (Supplementary data Table S1 ). Therefore, biodegradation and biosorption were considered as potential removal mechanisms under the tested conditions.
Hydrophobic interactions play a very important role in sorption of TrOC to biomass. According to a definition widely accepted in the literature, an organic compound is hydrophobic when its pH-dependent effective octanol water partitioning coefficient (measured by log D) is 3 or higher . In this study, for almost all significantly hydrophobic compounds (log D≥ 4) similar levels (> 50%) of removal were achieved by the live and sodium azide-inactivated (biosorption only) cultures (Figure 1 ). In particular, over 80% removal of 17β-estradiol 17-acetate, pentachlorophenol, 4-tert-octylphenol and triclosan was achieved by the live and inactivated cultures. No previous study on the removal of 17β-estradiol 17-acetate by whole-cell white-rot fungi could be found. However, the results in the current study are in good agreement with the significant removal of 4-tert-octylphenol (Tamagawa et al., 2007) , triclosan (Cajthaml et al., 2009 ) and pentachlorophenol (Ryu et al., 2000) reported in previous studies. Because a similar removal was attained of these significantly hydrophobic TrOC by both live and inactivated cultures, the governing mode of removal (biodegradation or biosorption) could not be ascertained from their aqueous phase concentration change. Nevertheless further insight into this aspect has been provided in the following section while comparing the performance of wholecell and crude enzyme extract.
[Figure 1]
Of particular interest was the high (60-99%) removal of five hydrophobic (log D=3-4) compounds, namely, naproxen, formononetin, ibuprofen, estrone and bisphenol A by the live culture, but relatively less removal by the inactivated culture (p < 0.05, Supplementary data Table S2 ). This observation suggests that biodegradation (and not biosorption) was the main mechanism of removal of these compounds. No previous reports regarding the removal of formononetin by white-rot fungi could be identified. However, previous studies have revealed Atrazine was found to be resistant to treatment by Dichotomitus squalens, Phanerochaete velutina, and Hypholoma fasciculare (Bending et al., 2002) ; however, a different strain of T.
versicolor was reported to achieve a better removal (Bending et al., 2002) . There is further discussion on the behavior of the resistant TrOC in regards to their molecular structures in the next section.
Comparison of removal by whole-cell and crude enzyme extract
Removal mode
Highly hydrophobic compounds may be removed solely by biosorption. However, when the performance of live/inactivated whole-cell culture ( Figure 1 ) and that of crude enzyme extract ( Figure 2 ) is taken into consideration, it can be confirmed that most of the very hydrophobic TrOC (log D>3) in this study were in fact biodegraded. Performance comparison between wholecell and crude enzyme extract also helped identify the TrOC for which low or negligible removal by the latter was observed (p < 0.05, Supplementary data Table S2 ). These include: three very hydrophobic TrOC (oxybenzone, gemfibrozil, and pentachlorophenol), two moderately hydrophobic TrOC (formononetin and ibuprofen), and two significantly hydrophilic TrOC (salicylic acid and naproxen) ( Figure 2 ). Better performance of the whole-cell culture for these compounds indicated three possibilities: i) biosorption in fact was the main mechanism (i.e, resistant to biodegradation), or, ii) intracellular cytochrome P450 enzyme system was significantly involved in degradation by the whole-cell, or, iii) mycelium-associated enzyme played a significant role in biodegradation.
[Figure 2]
As noted in Section 2.3, the role of intracellular cytochrome P450 was assessed by comparing the removal by whole-cell culture in the presence and absence of 1-aminobenzotriazole (a cytochrome P450 inhibitor). The cytochrome P450 inhibitor was found to have a negligible impact on degradation of all except seven TrOC, namely, salicylic acid, ibuprofen, gemfibrozil, naproxen, bisphenol A, diclofenac and 17β-estradiol ( Figure 3 ). The role of intracellular enzymes in the fungal degradation of salicylic acid, bisphenol A and 17β-estradiol has not been studied before. However, the data in the current is consistent with previous studies studies reporting the negative impact of cytochrome P450 inhibition on the degradation of naproxen and diclofenac (Hata et al., 2010) . Previous reports have also demonstrated the important role of mycelium-associated enzymatic activity in the degradation of resistant compounds such as dye (Svobodova et al., 2008) and TrOC (Yang et al., 2013a) . Considering the data in Figures 1-3 collectively, in this study, the reason for lower removal by the crude enzyme extract compared to that by the whole-cell culture can be considered compound-specific. For salicylic acid, naproxen, formononetin, ibuprofen and gemfibrozil, the role of cytochrome P450 and/or mycelium-associated enzymes was critical, while for oxybenzone and pentachlorophenol the role of biosorption was significant in their removal. Further clarification on this aspect is presented in Section 3.3.
[ Figure 3] 
Impact of enzymatic activity
It is noted that similar removal by whole-cell and crude enzyme extract was obtained for bisphenol A and diclofenac ( Figure 2 ) although a significant (but not exclusive) role of intracellular enzymes in the degradation of these TrOC was evident (Figure 3) . Furthermore, for two hydrophilic compounds, namely, estriol and 4-tert-butylphenol, the extracellular enzyme extract achieved better and/or more stable removal (Figure 2 ). This was despite the fact that a higher initial concentration was applied during the test with crude enzyme extract (100 µg L -1 of each compound, compared to 50 µg L -1 of each in the whole-cell test). This may be attributed to the fact that the laccase activity in the whole-cell culture gradually increased from zero to approximately 20 μM min -1 within 24 h, while that in the extracellular extract remained at 35 μM min -1 from the start of the test (Figure 4) . Auriol et al. (2007) previously observed the removal of synthetic hormones including estriol to depend on the level of laccase activity in the test media.
In that study, estriol was completely removed by a laccase solution exhibiting an activity of 20 U mL -1 , while the removal corresponding to a laccase activity of 5 U mL -1 was 88%. Tran et al.
(2010) also reported increased removal of pharmaceuticals such as naproxen (from 30 to 100%), ibuprofen (from 10 to 40%) and ketoprofen (from 25 to 50%) with the increase of laccase activity from 2 to 6 U mL -1 . The potential effect of level of laccase activity on the removal of the above TrOC in this study is also indicative of their relatively resistant structure against fungal degradation.
[ Figure 4] 
Resistant TrOC
Under the conditions tested in this study, little or no (<30%) removal of 15 TrOC, namely, metronidazole, primidone, amitriptyline, propoxur, clofibric acid, carbamazepine, enterolactone, fenoprop, atrazine, ametryn, ketoprofen, benzophenone and octocrylene (Category 3, Figure 2) and estriol and 4-tert-butylphenol (Category 2, Figure 2 ) was achieved by the whole-cell culture.
The crude enzyme extract could degrade well estriol and 4-tert-butylphenol but no or low degradation of additional six TrOC including salicylic acid, naproxen, formononetin, ibuprofen, gemfibrozil and pentachlorophenol was obtained (Figure 2 ). This section particularly discusses the case of 13 TrOC for which treatment by neither whole-cell nor crude enzyme preparations was found effective (Category 3, Figure 2 ). It is noteworthy that the removal of only a few (e.g., clofibric acid, carbamazepine, atrazine and ketoprofenen) of these 13 TrOC by whole-cell culture has been studied before; however, the existing literature confirms the resistance of these TrOC to fungal degradation (Yang et al., 2013b) . Figure 5 shows the effect of addition of the mediator to extracellular extract on the removal of the 30 selected TrOC. Of the TrOC for which negligible degradation was attained by the crude enzyme extract (Figure 2 ), the addition of HBT significantly improved (from 20 to over 90% improvement) the removal of seven of them including amitriptyline, ametryn, primidone, salicylic acid, enterolactone, atrazine and oxybenzone (p < 0.05, Supplementary data Table S2 ).
Effect of mediator addition on removal by crude enzyme extract
HBT addition also improved the removal of pentachlorophenol, diclofenac and naproxen by 60, 25 and >75%, respectively, achieving above 90% removal of each. Notable among these were salicylic acid, naproxen, oxybenzone, and pentachlorophenol, which were well-removed by whole-cell (combined biosorption and/or biodegradation via extracellular, intracellular or mycelium-bound enzyme systems) but showed low or no removal by extracellular extract (in absence of HBT) (Section 3.2.1). The role of HBT in improving the enzymatic degradation of these TrOC is in good agreement with a previous study (Nguyen et al., 2013) .
[Figure 5]
The better performance of the mediator-amended crude enzyme solution may be explained by two factors attributable to the aminoxyl radical species generated from HBT by laccase: i) reduction of steric hindrance, and ii) higher redox potential. It is well known that laccase promotes the single electron oxidation of phenols (Yang et al., 2013b) . However, steric factors may hinder the approach of the substrate to the active site of the enzyme and, consequently, inhibit the oxidation of even some phenolic substrates. The aminoxyl radicals generated from HBT by laccase, due to their small size, can abstract H-atom from the O-H bond of these phenolic substrates and can form the corresponding phenoxyl radicals (d 'Acunzo et al., 2006) .
These phenoxyl radicals in turn react with the substrate via a radical hydrogen atom transfer route (Coniglio et al., 2008 ) that improves the biodegradation potential. This mechanism may explain the significantly improved degradation of the phenolic TrOC such as salicylic acid, enterolactone and oxybenzone in the presence of HBT ( Figure 5 ). The laccase-HBT system can also achieve better removal of non-phenolic compounds as the aminoxyl radicals have redox potentials in the order of 1.0-1.1 V (d 'Acunzo et al., 2006) , which are higher than that of laccase only (0.17V) (Klonowska et al., 2002) . For instance, Bernini et al. (2011) reported that the laccase-mediator system can effectively trigger the H-abstraction from benzylic carbons of nonphenolic compounds. This can explain the improvement in atrazine, amitriptyline and ametryn removal in the current study in the presence of HBT. Aminoxyl radicals generated from oxidation of HBT by laccase from the fungus Trametes villosa were previously reported to carry out H-abstraction from certain amide substrates (Coniglio et al., 2008) . However, no improvement in the removal of the amide compound carbamazepine in this study is probably due to the difference in redox potential of laccase from different Trametes species as well as the specific structures of the compounds.
[ Table 1 ]
Effect of treatment mode on effluent toxicity
While TrOC transformation via fungal treatment may often lead to detoxification (Jelic et al., 2012) , increase in toxicity of white-rot fungi-treated media containinig TrOC has also been reported. For example, Kim and Nicell (2006) reported that the addition of the mediator 2,2′-azino-bis(3-ethylbenzthiazoline)-6-sulfonic acid enhanced the laccase catalysed oxidation of aqueous triclosan, but negatively affected the residual toxicity. A recent study has reported increased effluent phytotoxicity following laccase-HBT catalysed treatment of a dye solution (Daassi et al., 2013) . However, there appears to be no specific literature regarding toxicity following laccase-HBT catalysed treatment of TrOC. In this study, a ToxScreen3 assay (Section 2.4.2) revealed a slight decrease in toxicity after treatment by whole-cell or crude enzyme extract. For instance, the toxicity of the TrOC solution in Milli-Q water was 14.7 ± 1.0 rTU, which reduced to 10.7 ± 1.1 rTU after the treatment by crude enzyme extract. In comparison,
there was a significant increase in toxicity (88.6 ± 3.9 rTU) after the addition of HBT (1 mM).
Further investigations such as identification of metabolites (whole-cell culture, extracellular extract and purified laccase with and without redox mediators) are needed to clarify the relative contribution of TrOC-metabolites and HBT to treated media toxicity.
Insight into overall removal of TrOC classes
Generalizations regarding TrOC removal based on the intended applications or origins can be difficult as compounds within the same TrOC class can have vastly different chemical structures . Nevertheless, some interesting trends regarding fungal degradation of different TrOC classes can be observed in this study (Table 1 ). In line with several previous studies (Tamagawa et al., 2005 , Cajthaml et al., 2009 , Yang et al., 2013b all hormones and the industrial chemicals were well degraded. Among these, the degradation of estriol (which is a hormone) and 4-tert-butylphenol (which is an industrial chemical) appeared to be more sensitive to the level of enzymatic activity (Section 3.2.2).
The removal of the pharmaceutically active compounds by whole-cell culture varied over a wide range: no removal (metronidazole, amitriptyline, primidone, carbamazepine and ketoprofen) to over 80% removal (salicylic acid, naproxen, ibuprofen, gemfibrozil, diclofenac and triclosan).
The removal of salicylic acid, primidone and naproxen by crude enzyme extract was significantly improved by HBT addition.
In good agreement with the literature (Mougin et al., 1997 , Tran et al., 2010 , Yang et al., 2013b , pesticides demonstrated particular resistance to degradation. Among the six pesticides, no degradation was observed for clofibric acid, propoxur and fenoprop. HBT addition was essential for the degradation of ametryn (30%), atrazine (>90%) and pentachlorophenol (>90%).
Degradation of UV filters and phytoestrogens by white-rot fungi has not been studied before. In this study, among the UV filters, high removal of oxybenzone was achieved by the live wholecell culture, but degradation by the crude enzyme required HBT addition. Benzophenone and octocrylene were removed only by the live whole-cell culture. Of the two phytoestrogens, formononetin was degraded only by whole-cell preparations, while enterolactone degradation was only possible by amending the extracellular extract with HBT.
Comparing the performance of the fungal strain used in this study with that of conventional bacterial activated sludge was not the aim of this study. However, it is worth noting that the results in the current study suggest differences in the mode of removal and the spectrum of TrOC covered by these options. The white-rot fungi strain achieved significant degradation of some pharmaceuticals such as naproxen and diclofenac, and the pesticide atrazine, which are usually reported to be highly resistant to bacterial degradation . It is furthermore noteworthy that the significantly hydrophobic TrOC such as many of the hormones, personal care products and alkyl phenolic industrial compounds are well removed from the aqueous phase during conventional (bacterial) wastewater treatment. However, some of these TrOC such as 17β-estradiol, 4-tert-octyl phenol and triclosan exhibit significant resistance to bacterial degradation . The high biosorption of these resistant TrOC in conventional treatment poses the risk of leaching of these compounds during sludge processing and disposal.
By contrast, the data reported in this study confirm fungal degradation of these TrOC (at least the disappearance of the parent molecules).
Conclusion
In this study, all 14 phenolic TrOC but only a half of the tested non-phenolic TrOC were effectively degraded. All hydrophobic (log D>3) TrOC were well removed. By comparing the performance of the whole-cell preparations and the extracellular extract (no biosorption), it was confirmed that biodegradation was the main mechanism of removal. However, the fact that the hydrophilic compounds were poorly removed may indicate the importance of biosorption in subsequent degradation by the whole-cell. In addition, the lower degradation of some hydrophobic compounds by the extracellular extract, and the impact of intracellular cytochrome P450 system inhibition on the degradation of some TrOC by the whole-cell culture indicated the importance of extracellular enzyme-independent catalytic pathways. Addition of the mediator 1-hydroxy benzotriazole to the crude enzyme extract led to improvement of some phenolic as well as non-phenolic TrOC degradation. However, this was accompanied by higher residual toxicity in the treated media. The degradation profile of the tested TrOC by the fungal culture is quite different from that by activated sludge processes. Log D is logarithm of the distribution coefficient which is the ratio of the sum of concentrations of all forms of the compound (ionised and unionised) in octanol and water at a given pH. na: data not available b Limit of detection (LOD) of the compounds during GC-MS analysis as described in Section 2.4. LOD is defined as the concentration of an analyte giving a signal to noise (S/N) ratio greater than 3. The limit of reporting was determined using an S/N ration of greater than 10. 
